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1
THIN WAFER CARRIER

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. provisional
application Ser. No. 61/302,676 filed Feb. 9, 2010 and entitled
“THIN WAFER CARRIER”, the contents of which are
expressly incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to carriers for thin wafers and
more particularly to a transportable temporary thin wafer
carrier used for supporting wafers having a thickness of less
than 100 micrometers.

BACKGROUND OF THE INVENTION

Several semiconductor wafer processes include wafer thin-
ning steps. In some applications, the wafers are thinned down
to a thickness of less than 100 micrometers for the fabrication
of'integrated circuit (IC) devices. Thin wafers have the advan-
tages of improved heat removal and better electrical operation
of'the fabricated IC devices. In one example, GaAs wafers are
thinned down to 25 micrometers to fabricate power CMOS
devices with improved heat removal. Wafer thinning also
contributes to a reduction of the device capacitance and to an
increase of its impedance, both of which result in an overall
size reduction of the fabricated device. In other applications,
wafer thinning is used for 3D-Integration bonding and for
fabricating through-wafer-vias.

In the manufacturing of 3D-integrated semiconductors,
two primary methods of assembly are utilized, WLP (wafer
level packaging) and C2W (Chip to wafer stacking). In both
cases, thinned semiconductors are mass-produced by using a
temporary adhesive to bond the device wafer to a carrier
wafer (typically glass or silicon) for the purpose of support
during thinning and post processing after thinning. The
device wafer is thus supported during thinning by the carrier.
We refer to this as the primary temporary wafer carrier.

The thinned device wafer on the temporary wafer carrier is
further processed to create through-silicon-vias (TSV) which
terminate in plated or deposited interconnects on one or both
side surfaces of the wafer. The surface structures may include
landing bond pads, interconnect metal posts or plated micro
bumps to form the primary interconnect for 3D stacking.
Device wafers needing structures on both sides may require
“flipping” to expose the secondary device wafer surface after
release from the primary temporary wafer carrier.

Device wafers thinned below 70-80 micrometers cannot be
handled without support. The primary methods of support
involve bonding the device wafers to primary carrier wafers
using temporary removable adhesives. Following thinning of
the device wafer, the primary carrier wafer is removed. A
secondary temporary carrier is usually used to support the
thinned wafer for further processing. The secondary tempo-
rary wafer carrier needs to be portable, needs to be able to
provide the required means for support to allow transport of
the thinned device wafer to other process stations, and must
prevent flexure stress and/or cracking after the device wafer is
released from the primary temporary carrier.

Wafer thinning is usually performed via back-grinding
and/or chemical mechanical polishing (CMP). CMP involves
bringing the wafer surface into contact with a hard and flat
rotating horizontal platter in the presence of a liquid slurry.
The slurry usually contains abrasive powders, such as dia-
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2

mond or silicon carbide, along with chemical etchants such as
ammonia, fluoride, or combinations thereof. The abrasives
cause substrate thinning, while the etchants polish the sub-
strate surface at the submicron level. The wafer is maintained
in contact with the abrasives until a certain amount of sub-
strate has been removed in order to achieve a targeted thick-
ness.

For wafer thicknesses over 200 micrometers, the wafer is
usually held in place with a fixture that utilizes a vacuum
chuck or some other means of mechanical attachment. How-
ever, for wafer thicknesses of less than 200 micrometer and
especially for wafers of less than 100 micrometers, it
becomes increasingly difficult to mechanically hold the
wafers and to maintain control of the planarity and integrity of
the wafers during thinning. In these cases, it is actually com-
mon for wafers to develop microfractures and to break during
CMP.

An alternative to mechanical holding of the wafers during
thinning involves attaching a first surface of the device wafer
onto a primary carrier wafer and thinning down the exposed
opposite device wafer surface. The bond between the primary
carrier wafer and the device wafer is temporary and is
removed (i.e., debonded) upon completion of the thinning
processing steps. Several temporary bonding techniques have
been suggested including the use of adhesive compounds that
are chemically dissolved after processing or the use of adhe-
sive tapes or layers that are thermally or via radiation decom-
posed after processing. Most of these adhesive-based tempo-
rary bonding techniques are followed by a thermal slide
debonding process where the device wafer and the carrier
wafer are held by vacuum chucks while heat is applied to the
bonded wafer pair and the wafers slide apart from each other.
In the current thermal slide debonding process and the further
processing the separated thinned device wafer is held via a
secondary support mechanism for further processing. This
secondary support mechanism usually adds cost and compli-
cations to the processing equipment. It is desirable to reduce
the added cost and complications.

Prior art secondary carriers included electrostatic chucking
(ESC) and Gel Pak™. Electrostatic chucks use electrostatic
attraction to hold the device wafer to a tool chuck face and
once charged they are portable. ESC carriers suffer from three
primary drawbacks. First the capacitance of the device and its
electrostatic effect are diminished with heat. For thermoplas-
tic temporary adhesives, for example, the release mechanism
is reheating to soften the adhesive for debonding. During this
process the secondary carrier is exposed to higher tempera-
tures which results in limiting adhesion to the secondary
carrier. Second, device wafers having topography above 20
micrometers or micro bumps adhere poorly to the secondary
ESC chuck. Finally, the development for the electrostatic
attractive force is related to the surface area of the ESC chuck
and the applied voltage. Although low current is applied,
higher voltages are required for smaller wafers below 300
mm resulting in charging up of the device wafer. To date, ESC
chucks have been able to be scaled down to 100 mm but not
smaller.

Gel Pak™ is a trademarked commercial product designed
for temporary secure storage and transfer of diced die and
thinned wafers. This method relies on a modified tackified
adhesive sheet. A thermoplastic material in nature, this mate-
rial can be applied to the wafer in sheet form suspended over
a support structure which is portable in nature. It uses a
vacuum release technology to draw the adhesive sheet tightly
against a fabric screen membrane resulting in a reduced con-
tact area with the adhesive and the subsequent release of the
wafer. The primary material adhesive sheet however has two
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primary drawbacks. First, it is affected by increased process-
ing temperature softening and thus releases prematurely
before the primary temporary adhesive is released. Second,
the material is attacked vigorously by standard solvents used
to remove primary thin wafer handling adhesive residue from
the device wafer resulting in premature release.

It is desirable to have a portable secondary carrier for
thinned wafers that overcomes the above mentioned prob-
lems.

SUMMARY OF THE INVENTION

The present invention relates to a transportable wafer car-
rier device for handling of highly thinned semiconductor
wafers having a diameter in the range of 50 mm to 300 mm
and a thickness of less than 100 micrometers.

In general, in one aspect, the invention features a transport-
able wafer carrier device that includes a wafer chuck having
an enclosed vacuum reservoir and a top surface configured to
support a wafer. The top surface has one or more through-
openings extending from the top surface to the vacuum res-
ervoir and the wafer is held onto the top surface via vacuum
from the vacuum reservoir drawn through the through-open-
ings.

Implementations of this aspect of the invention may
include one or more of the following features. The wafer
chuck includes a top component and a bottom component.
The top component has the top surface and a bottom surface.
The bottom component includes the enclosed vacuum reser-
voir and is in contact with and attached to the bottom surface
of'the top component. The top component includes the one or
more through-openings extending from the top surface to the
bottom surface and communicating with the vacuum reser-
voir. The device further includes a sealing component formed
on the perimeter of the top surface and configured to form a
seal between the top surface and a wafer surface being in
contact with the top surface. The sealing component may be
placed in a radial groove formed on the perimeter of the top
surface or spin-coated on the perimeter of the top surface. The
top surface of the top component is dimensioned to match the
dimensions of the supported wafer. The top component is
detachably attached to the bottom component, thereby allow-
ing the wafer carrier to have interchangeable top components.
The top and bottom components are made of'silicon, alumina,
or ceramic materials with a coefficient of thermal expansion
(CTE) that matches the CTE of the wafer. The top surface
includes three-dimensional support structures dimensioned
to support the wafer. The three-dimensional support struc-
tures may be posts or radially extending arms. The three-
dimensional support structures include structures comple-
menting three dimensional structures formed on the wafer
surface being in contact with the top surface. The three-
dimensional support structures include structures comple-
menting bumps or bond pads formed on a wafer surface being
in contact with the top surface. The three-dimensional sup-
port structures are produced via chemical deposition tech-
niques including chemical vapor deposition (CVD), physical
vapor deposition (PVD) or metal-organic chemical vapor
deposition (MOCVD). The three-dimensional support struc-
tures are produced by depositing a photochemically sensitive
layer and applying photolithography and photomasking tech-
niques. The three-dimensional support structures are
machined via chemical or abrasive etching. The three-dimen-
sional support structures are coated with a protective layer,
and the protective layer may be polyimide, PEEK or a ther-
moplastic layer. The device may further include a compliant
heat tolerant membrane member attached to the top surface.
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The compliant membrane may be Kalrez, Tetlon, or a fluo-
ropolymer. The device may further include a sealing compo-
nent on the perimeter of the top surface. The sealing compo-
nent is an O-ring having a height matching the height of the
three-dimensional support structures. The O-ring is placed in
a radial groove formed on the perimeter of the top surface.
The sealing component is spin-coated on the perimeter of the
top surface. The top surface further includes alignment struc-
tures for orienting and aligning the wafer. The alignment
structures may be pins, grooves, notches or elastomeric
inserts embedded in the top surface. The bottom component
may further include a vacuum port connecting the vacuum
reservoir to a vacuum pump. The device may further include
a micro-valve assembly and the micro-valve assembly iso-
lates the vacuum reservoir from the vacuum port. The waferis
held on the top surface via an adjustable vacuum.

Among the advantages of this invention may be one or
more of the following. The transportable wafer carrier of this
invention is used for exposing the debonded surface of a
device wafer for cleaning purposes, wafer flipping to expose
a secondary surface for further processing, providing support
for alignment and bonding to another primary temporary
carrier or device wafer, or for releasing the thinned wafer to a
tape frame carrier for dicing purposes. The wafer carrier of
this invention is capable of supporting thinned wafers includ-
ing those having a thickness less than 100 micrometers. The
wafer carrier includes means for attachment and means for
detachment that are both quick and compatible with other
semiconductor processing tools. The wafer carrier of this
invention is made of chemically inert materials, and is
capable of maintaining a sustained attachment during wet
processing, spin cleaning, and exposure to high temperatures
in excess of 250° C. The wafer carrier has a structural design
that does not interfere with, smear, shear off, or contaminate
wafer surface structures such as micro bumping, metal post or
studs or bond pads. The wafer carrier provides portability to
thinned wafers and allows them to move through process
steps in various production modules or be transported in
device carriers or front opening unified pods (FOUPS).

BRIEF DESCRIPTION OF THE DRAWINGS

Referring to the figures, wherein like numerals represent
like parts throughout the several views:

FIG. 1 is an overview schematic diagram of a temporary
watfer bonder and debonder system;

FIG. 1A is a schematic diagram of temporary wafer bond-
ing process A and debonding process A performed in bonder
210 and debonder 150 of FIG. 1, respectively;

FIG. 2 is an exploded view of the secondary carrier 100 in
FIG. 1A;

FIG. 3 is a cross-sectional side view of the secondary
carrier of FIG. 2;

FIG. 4 depicts an area of the top surface of the secondary
carrier of FIG. 2 and the bumped surface 20a of the thinned
wafer 20; and

FIG. 5 depicts a detailed cross-sectional area of the inter-
face between the top component and the thinned wafer 20.

DETAILED DESCRIPTION OF THE INVENTION

Referring to FIG. 1, an apparatus for temporary wafer
bonding 600 includes a temporary bonder 210, a wafer thin-
ning module 620, a thermal slide debonder 150, a wafer
cleaning station 170, and a wafer taping station 180. Bonder
210 facilitates the temporary bonding processes 60a, shown
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in FIG. 1A and debonder 150 facilitates the thermal slide
debonding processes 605, shown in FIG. 1A.

Referring to FIG. 1A, temporary bond process 60a
includes the following steps. First, device wafer 20 is coated
with a protective coating 21 (62), the coating is then baked
and chilled (63), and then the wafer is flipped (64). A carrier
wafer 30 is coated with an adhesive layer 31 (65) and then the
coating is baked and chilled (66). In other embodiments, adry
adhesive film is laminated onto the carrier wafer, instead of
coating an adhesive layer. Next, the flipped device wafer 20 is
aligned with the carrier wafer 30 so that the surface of the
device wafer with the protective coating 20a is opposite to the
surface of the carrier wafer with the adhesive layer 30a (67),
and then the two wafers are bonded (68) in the temporary
bonder module 210. The bond is a temporary bond between
the protective layer 21 and the adhesive layer 31. In other
embodiments, no protective coating is applied onto the device
wafer surface and the device wafer surface 20q is directly
bonded with the adhesive layer 31. Examples of device
wafers include GaAs wafers, silicon wafers, or any other
semiconductor wafer that needs to be thinned down to less
than 100 micrometers. These thin wafers are used in CMOS
image sensors, stack memory applications, military and tele-
communication applications for the fabrication of power
amplifiers, or other power devices where good heat removal
and small power factor are desirable. The carrier wafer 30 is
usually made of a non-contaminating material that is ther-
mally matched with the device wafer, i.e., has the same coef-
ficient of thermal expansion (CTE). Examples of carrier
wafer materials include silicon, glass, sapphire, quartz or
other semiconductor materials. The diameter of the carrier
wafer 30 is usually the same as or slightly larger than the
diameter of the device wafer 20, in order to support the device
wafer edge and prevent cracking or chipping of the device
wafer edge. In one example, the carrier wafer thickness is
about 1000 micrometers and the total thickness variation
(TTV) is 2-3 micrometers. Carrier wafers are recycled and
reused after they are debonded from the device wafer. In one
example, adhesive layer 31 is an organic adhesive Wafer-
BOND™ HT-10.10, manufactured by Brewer Science, Mis-
souri, USA. Adhesive 31 is applied via a spin-on process and
has a thickness in the range of 9 to 25 micrometers. The spin
speed is in the rage of 1000 to 2500 rpm and the spin time is
between 3-60 seconds. After the spin-on application, the
adhesive layer is baked for 2 min at a temperature between
100° C. to 150° C. and then cured for 1-3 minutes at a
temperature between 160° C. to 220° C. WaferBOND™
HT-10.10 layer is optically transparent and is stable up to
220° C. The bonded wafer stack 10 is placed in a thinning
module 120. After the thinning 120 of the exposed device
wafer surface 205 the carrier wafer 30 is debonded via the
debond process 605, shown in FIG. 1A. Debond process 605,
includes the following steps. First, heating the wafer stack 10
until the adhesive layer 31 softens and the carrier wafer 30
slides off from the thinned wafer (69). The WaferBOND™
HT-10.10 debonding time is less than 5 minutes. The thinned
watfer 20 is then placed upon a secondary transportable carrier
100. Secondary transportable carrier 100 with the thinned
wafer 20 is then moved to a cleaning station 170 where any
adhesive residue is stripped away (52) and then to a taping
station 180 where the thinned wafer 20 is placed in a dicing
frame 25 (53). Finally, the taped thinned device wafer 20 is
moved to a cassette and the carrier wafer 30 is moved to a
different cassette.

In cases where the thinned device wafer is thicker than
about 100 micrometers usually no additional support is
needed for moving the thinned wafer 20 from the thermal
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6

slide debonder 150 to the further processing stations 170,
180. However, in cases where the thinned device wafer 20 is
thinner than 100 micrometers, a secondary support mecha-
nism is required to prevent breaking or cracking of the
thinned device wafer. Currently, the secondary support
mechanism includes an electrostatic carrier or a carrier com-
prising a Gelpak™ acrylic film on a specially constructed
wafer. As was mentioned above, these secondary support
mechanism add complications and cost to the process.

The present invention utilizes a transportable secondary
carrier 100 for transferring the thinned wafer 20 during the
follow up process steps of cleaning (52) and mounting onto a
dicing tape (53).

Referring to FIG. 2 and FIG. 3, the transportable secondary
carrier 100 includes a top component 120 and a bottom com-
ponent 110. Top and bottom components 120, 110 are stacked
and attached to each other, as shown in FIG. 3. The thinned
watfer 20 is carried on the top surface 120q of the top compo-
nent 120. The top surface 120qa of the top component 120 is
dimensioned to match the size of the supported thinned wafer
20. In one example, top and bottom components 120, 110 are
dimensioned to accommodate thinned wafers 20 having
diameters in the range between 50 mm to 300 mm. Top and
bottom components 120, 110 are made of silicon, alumina, or
other ceramic materials that are structurally rigid, chemically
inert, can withstand process temperatures in excess of 200°
C., solvents, inorganic acids, and bases and have a coefficient
of'thermal expansion (CTE) that matches the thinned wafer’s
CTE. In other embodiments, top and bottom components 120,
110 are detachable, allowing the carrier 100 to have inter-
changeable top components 120 in order to support wafers
with variable topographies and dimensions on the same bot-
tom wafer 110.

Top surface 1204 of the top component 120 includes three-
dimensional support structures 124 used to support the
bumped surface 20a of the thinned wafer 20, shown in FIG. 4.
The three-dimensional support structures prevent flexure of
the thinned wafer and are aligned to points on the thinned
wafer, such as dicing alleys, to avoid damaging TSV pads,
posts, or micro bumps. Examples of structures 124 include
radially extending arms 124a, posts 1245, shown in FIG. 4,
and complex structures 124c¢ complementing the bumps,
bond pads or other structures 22 of the thinned watfer 20,
shown in FIG. 5. In all these examples, support structures 124
are placed on locations of the bumped wafer surface 20a so
that they don’t interfere with the existing bumps, or bond pads
22, or other structures on the wafer surface 20a. Support
structures 124 have dimensions matching the dimensions of
the bumps, bond pads and the other structures 22 on the
bumped wafer surface 20a. In one example, support struc-
tures 124 have a height in the range of 20-50 micrometers and
a width of about 50-100 micrometers. Support structures 124
are produced via chemical deposition techniques using pho-
tolithography or a photo-mask. Support structures 124 may
also be machined via chemical or abrasive type etching. The
chemical deposition techniques include chemical vapor
deposition (CVD), physical vapor deposition (PVD), and
metal-organic chemical vapor deposition (MOCVD). A sup-
port mask or photolithography pattern is used to provide
wafer support on the carrier surface. Masks are used to outline
the fabrication of the three-dimensional support structures
around primary structures of the wafers surface topography
for removal of material and photolithography patterns are
used for the deposition of material. These three-dimensional
support structures do not make primary contact with indi-
vidual die and prevent damage of delicate structures such as
micro-bumps. For example by creating a three-dimensional
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support structure with primary support along dicing alleys
and providing a tolerance for clearance, each micro bump
array can be accommodated for support without being dam-
aged. The dimensions of the mask which creates three-dimen-
sional support structures micro-machined into the alumina or
ceramic carrier surface are directly provided by the layout
features of the wafer surface and provide the needed support
during the vacuum process.

In some embodiments, support structures 124 are also
coated with a protective coating layer or covered with a com-
pliant membrane 130, as shown in FIG. 3. In one example,
coating layer 130 may be polyimide, PEEK, or any other inert
high temperature thermoset or thermoplastic layer, suitable
for protecting the wafer surface bumps, bond pads and struc-
tures 22. In another embodiment, an elastomeric heat tolerant
compliant membrane 130 covers the entire surface 120a of
the top component 120, stretches across the three-dimen-
sional structures 124, and fills in the gaps between the support
structures 124, thereby preventing damage of the thin wafer
surface topography (i.e., bumps, bond pads and other struc-
tures) due to abrasion. Membrane 130 includes a plurality of
pinholes thus forming a flexible chuck vacuum membrane. In
one example, compliant membrane 130 is made of Kalrez,
manufactured by DuPont. Top surface 120a also includes
vacuum ports 122 and a vacuum seal 123. Vacuum ports 122
extend through the thickness of the top component 120 and
connect to a vacuum reservoir 112 formed in the bottom
component 110, as will be described below. Vacuum ports
122 include openings dispersed throughout the top surface
120a and/or a central port 122a. In one example, vacuum seal
123 is an O-ring placed in a radial groove 125 formed on the
periphery of the top surface 120a. Seal 123 may be made of
Viton, silicone rubber or ethylene propylene diene monomer
(EPDM) rubber, among others. The height ofthe seal ring 123
in its compressed state closely matches the elevation of the
three-dimensional support structures 124 that are photo-ma-
chined into the surface 120q to prevent flexing of the thinned
wafer 20 and premature release at the seal ring 123.

The top surface 120a of the top component 120 also
includes alignment structures 126 used for orienting and
aligning the thinned wafer 20. Alignment structures 126 may
be pins, groves, notches, or elastomeric inserts embedded in
the top surface 120a. Alignment structures 126 are used for
aligning the wafer flat or in line with a wafer notch for sec-
ondary alignment to other carriers or other wafers. Alignment
structures 126 are also used for fiducial recognition by auto-
matic bond aligners.

The bottom component 110 includes a vacuum reservoir
112 that connects to a vacuum pump (not shown) via a clos-
able port 116. Vacuum reservoir 112 is evacuated and then
closed off in order to provide a standing vacuum force suffi-
cient to hold the thinned wafer 20 for extended time periods.
The vacuum reservoir 112 is evacuated by a vacuum source
(pump) via the external closable port 116. The vacuum source
is removed after vacuum is pulled in the device 100 thus
making the wafer carrier device transportable without any
attachments. Upon transfer of the wafer carrier device 100 to
a second process tool, the vacuum in reservoir 112 can be
refreshed, thereby maintaining the vacuum capability for
extended period of time and over multiple process steps. In
some embodiments, a second port 116a is used to engage a
port on the chucks of the process station. In one example this
second port 1164 is a poppet type and is mechanically opened
when the carrier 100 is on the process chuck. The vacuum
system adjusts the vacuum during thermal cycles to compen-
sate for CTE mismatches between the carrier 100 and the
device wafer 20, thereby overcoming potential shearing
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forces. Adjustable vacuum also benefits very thin wafers with
substantial gaps between bumps. In this case, reduced
vacuum decreases any bending moments applied to the wafer
between the bumps.

Vacuum port 116 incorporates a micro valve assembly 114
that includes a primary and a secondary micro valve. The
primary micro valve allows the reservoir vacuum 112 to be
isolated before the external port 116 is opened and the sec-
ondary micro valve releases to the vacuum source to refresh
the vacuum reservoir. This valve assembly 114 is actuated
from the top or bottom of the carrier 100 by mechanical
means and controls the evacuation of the reservoir 112.
Vacuum reservoir 112 connects via ports 122 to the upper
surface 120a of the top component 120, as shown in FIG. 3.
The thinned wafer 20 is placed on top of the top component
surface 120a with the bumped surface 20a facing the top
surface 120a and is held in place via vacuum supplied by the
vacuum reservoir 112 through ports 122. With applied
vacuum and the two micro valves closed, the thinned wafer 20
is adhered to the top surface 120a of the top component 120.
‘When both micro valves are opened, vacuum reservoir 112 is
filled with air and the thinned wafer 20 is released.

Other embodiments include one or more of the following.
The top component 120 is made of a flexible elastomeric
membrane with a plurality of pinholes. This type of a carrier
has a flexible top surface and is used for supporting blanket
wafers or wafers that have no surface topography. Sealing
component 123 may be spin-coated on the periphery of the
top surface 120a. In one example, the spin-coated sealing
component 123 is polyimide and forms a pronounced edge-
bead which creates the seal. The carrier of this invention may
be used for handling of thinned wafers in any other applica-
tion. In one example, the carrier 100 is used for flipping the
device wafer before affixing it to the dicing tape.

Several embodiments of the present invention have been
described. Nevertheless, it will be understood that various
modifications may be made without departing from the spirit
and scope of the invention. Accordingly, other embodiments
are within the scope of the following claims.

What is claimed is:

1. A transportable wafer carrier device comprising:

a wafer chuck comprising a top component and a bottom
component and wherein said top component comprises a
top surface and bottom surface and wherein said bottom
component comprises an enclosed vacuum reservoir and
is in contact with the bottom surface of the top compo-
nent, and wherein the top surface of the component is
configured to support a wafer so that a wafer surface
comprising three-dimensional structures is in contact
with the top surface of the top component;

wherein said top component comprises one or more
through-openings extending from the top surface to the
bottom surface of the top component and communicat-
ing with the vacuum reservoir and wherein the wafer is
held onto the top surface of the top component via
vacuum from said vacuum reservoir drawn through said
through-openings;

wherein the top surface of the top component comprises
three-dimensional support structures extending outward
from the top surface of the top component and being
shaped and dimensioned to support the wafer, and are
aligned to points on the wafer surface configured to not
interfere with bumps or bonds formed on the wafer
surface.

2. The device of claim 1 further comprising a sealing com-

ponent placed on a perimeter of the top surface of the top
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component and configured to form a seal between the top
surface of the top component and the wafer surface being in
contact with the top surface.

3. The device of claim 2 wherein the sealing component is
formed on the perimeter of the top surface of the top compo-
nent via spin-coating.

4. The device of claim 1, wherein the top surface of the top
component is dimensioned to match the wafer dimensions.

5. The device of claim 1, wherein the top component is
detachably attached to the bottom component, thereby allow-
ing the wafer carrier to have interchangeable top components.

6. The device of claim 1, wherein the top and bottom
components comprise one of silicon, alumina, or ceramic
materials with a coefficient of thermal expansion that matches
the coefficient of thermal expansion of the wafer.

7. The device of claim 1, wherein the three-dimensional
support structures of the top component comprise posts or
radially extending arms. in contact with the top surface.

8. The device of claim 1, wherein the three-dimensional
support structures of the top component comprise structures
complementing the bumps or bond pads formed on the wafer
surface being in contact with the top surface of the top com-
ponent.

9. The device of claim 1, wherein the three-dimensional
support structures of the top component are produced via
chemical deposition techniques comprising one of chemical
vapor deposition, physical vapor deposition, or metal-organic
chemical vapor deposition.

10. The device of claim 1, wherein the three-dimensional
support structures of the top component are produced by
depositing a photochemically sensitive layer and applying
photolithography and photomasking techniques.

11. The device of claim 1, wherein the three-dimensional
support structures of the top component are machined via
chemical or abrasive etching.
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12. The device of claim 1, wherein the three-dimensional
support structures of the top component are coated with a
protective layer, and wherein said protective layer comprises
one of polyimide, PEEK or a thermoplastic layer.

13. The device of claim 1 further comprising a compliant
heat tolerant membrane member attached to the top surface of
the top component.

14. The device of claim 13 wherein the compliant mem-
brane comprises one of Kalrez, Teflon, or a fluoropolymer.

15. The device of claim 1, further comprising a sealing
component placed in a radial groove formed on a perimeter of
the top surface of the top component and wherein the sealing
component comprises an O-ring having a height matching the
height of the three dimensional support structures of the top
component.

16. The device of claim 1 wherein the top surface of the top
component further comprises alignment structures for orient-
ing and aligning the wafer.

17. The device of claim 16 wherein the alignment struc-
tures comprise one of pins, grooves, notches, or elastomeric
inserts embedded in the top surface of the top component.

18. The device of claim 1, wherein the bottom component
further comprises a vacuum port connecting the vacuum res-
ervoir to a vacuum pump.

19. The device of claim 18 further comprising a micro-
valve assembly and wherein the micro-valve assembly iso-
lates the vacuum reservoir from the vacuum port.

20. The device of claim 1 wherein the wafer is held on the
top surface of the top component via an adjustable vacuum.

21. The device of claim 1 wherein the three-dimensional
support structures of the top component comprise structures
complementing three dimensional structures formed on the
wafer surface being in contact with the top surface of the top
component.



